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Objectives:: We aimed to evaluate the role of rapid serological tests in the management of coronavirus
disease 2019 (COVID-19) patients.
Methods:: This retrospective study enrolled 16 real-time reverse transcription polymerase chain reaction-
confirmed symptomatic patients with COVID-19 and 58 COVID-19 negative patients at a medical center
in Taiwan over a 3-month period. Serial serum samples were collected and tested for antibody response
using four point-of-care (POC) lateral flow immunoassays (LFIA) (ALLTEST 2019-nCoV IgG/IgM Rapid Test,
Dynamiker 2019-nCoV IgG/IgM Rapid Test, ASK COVID-19 IgG/IgM Rapid Test, and Wondfo SARS-CoV-2
Antibody Test). Time-dependent detection sensitivity and timeliness of seroconversion were determined
and compared between the four POC rapid tests.
Results:: The overall sensitivity and specificity of the four tests for detecting anti-SARS-CoV-2 antibodies
after 3 weeks of symptom onset were 100% and 100%, respectively. There was no significant difference
between the rapid tests used for detection of IgM and IgG separately and those used for detection of
combined total antibody (mainly IgM/IgG). There was no significant difference between the four POC
rapid tests in terms of time required for determining seroconversion of COVID-19. Patients with COVID-
19 with pneumonia demonstrated shorter seroconversion time than those without pneumonia.
Conclusion:: Though the POC antibody rapid tests based on LFIA showed reliable performance in the
detection of SARS-CoV-2-specific antibodies, the results of these tests should be interpreted and applied
appropriately in the context of antibody dynamic of COVID-19 infection. COVID-19 patients complicated
with pneumonia exhibited earlier anti-SARS-CoV-2 antibody response than COVID-19 patients without
pneumonia.

© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

Since the coronavirus disease 2019 (COVID-19) emerged at the
end of 2019 in Wuhan, China, it has rapidly progressed to a pan-
demic status and has caused tremendous repercussions on human
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health and life.!"2 As a newly emerged virus is normally assigned
to a species based on its phylogeny and taxonomy,>* the causative
pathogen of COVID-19 was officially named as severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2).2 SARS-CoV-2 has been
found to be closely related to severe acute respiratory syndrome
coronavirus (SARS-CoV), which was identified in 2003. Both SARS-
CoV and SARS-CoV-2 may have originated from bats and have
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evolved to be capable of human-to-human transmission through
accumulation of genetic mutations.> While facing an emerging in-
fectious disease, rapid identification of the causative microorgan-
ism and analysis of its genome composition helps in the develop-
ment of diagnostic tests, therapeutic drugs, and vaccines required
to contain the spread of the disease and to mitigate the impact of
the disease. It is especially true for a viral disease with high trans-
missibility, pathogenicity, and virulence, as observed in the current
COVID-19 pandemic.

Viral culture, a gold standard for diagnosis of viral infections, is
a time-consuming method and can only be performed in a high
biosafety level laboratory specifically designed for handling bio-
hazardous pathogens. Real-time reverse transcriptase polymerase
chain reaction (rRT-PCR) assay, used for amplification and detec-
tion of specific viral nucleic acid sequences within few hours,
has been an important and irreplaceable diagnostic tool in re-
cent years. However, rRT-PCR assay remains labor-intensive and
expertise-dependent and is only available in hospitals with a qual-
ified microbiology laboratory.5:” The surge capacity of rRT-PCR as-
say has been limited by the mass influx of patients with COVID-19
due to the large-scale community outbreak of the disease. In addi-
tion, the site of specimen collection, technique, and timing of the
disease course significantly affect the sensitivity and specificity of
the rRT-PCR assay in the diagnosis of COVID-19. Thus, a simple,
easy-to-use, and accurate diagnostic tool is needed to supplement
the diagnosis of COVID-19 to improve patient outcome, resource
allocation, and infection control interventions.

Serological tests based on point-of-care (POC) lateral flow im-
munoassays (LFIAs) have been developed to detect anti-SARS-CoV-
2 antibodies simultaneously or separately for the diagnosis of
COVID-19.8-1° Compared to rRT-PCR, serological tests have the ad-
vantage of decreased technical requirement, short turnaround time,
affordability, lower sampling and specimen preparation risk, and
higher detection sensitivity and specificity. Serological testing is
therefore an important diagnostic tool and can be used as an ad-
juvant to rRT-PCR for mass screening, clinical diagnosis, and epi-
demiological study of COVID-19.

Many rapid serological tests targeting anti-SARS-CoV-2 im-
munoglobulin A (IgA), immunoglobulin M (IgM), or immunoglob-
ulin G (IgG) antibodies have been applied for clinical use in many
countries.®? However, the usefulness of these POC rapid serologi-
cal tests based on lateral flow immunoassays (LFIAs) has not been
elaborately studied. Therefore, the primary goal of this study was
to evaluate and compare the usefulness of four POC antibody rapid
tests in the diagnosis of COVID-19 infection based on different time
courses of the disease. Further, we hypothesized that there might
exist a difference in dynamic antibody response between patients
with COVID-19 at different levels of severity. Therefore, the second
goal of this study was to test our hypothesis by comparing the dif-
ference in time from symptom onset to seroconversion between
patients with COVID-19 with and without pneumonia.

Methods
National policy, study design, and patient enrollment

In Taiwan, samples from patients who meet the reporting cri-
teria of COVID-19 have to be submitted to virology laborato-
ries validated and contracted by the Centers for Diseases Control
and Prevention of Taiwan (Taiwan CDC) for SARS-CoV-2 rRT-PCR
testing."" The samples include oropharyngeal and nasopharyngeal
swabs, oral gargling, and sputum. Three sets of primers and probes
targeting SARS-CoV-2 envelope (E), nucleocapsid (N), and RNA-
dependent RNA polymerase (RdRp) genes are used. In addition to
SARS-CoV-2 RT-PCR testing, all respiratory samples are simultane-
ously evaluated for the presence of Influenza A/B viruses using

RT-PCR. If the results are negative for both SARS-CoV-2 and In-
fluenza A/B viruses, an additional SARS-CoV-2 rRT-PCR test for an-
other respiratory sample from the suspected COVID patient is per-
formed.'?>"'* All rRT-PCR confirmed patients with COVID-19 have
to be reported to the National Health Command Center (NHCC)
and are mandatorily hospitalized in a negative-pressure isolation
room to prevent the spread of SARS-CoV-2 in the community. As
of May 2, 2020, Taiwan has maintained a record of limited com-
munity transmission of COVID-19 and has 432 confirmed cases.!®

Our hospital, National Taiwan University (NTUH), a 2500-bed
teaching hospital in northern Taiwan, admitted a total of 16 rRT-
PCR-positive and NHCC-confirmed patients with COVID-19 be-
tween January 23, 2020 and April 25, 2020. This retrospective and
observational study was undertaken at NTUH where all the 16 rRT-
PCR confirmed patients with COVID-19 were enrolled. This study
was approved by the institutional review board of the hospital
(NTUH202003004RIND) and the requirement for informed consent
from each patient was waived.

Collection of serum samples and clinical data

We used the residual blood samples collected from attending
physicians providing regular medical care. All blood samples were
collected on the date of venipuncture. If multiple blood samples
were collected from a patient with COVID-19 on the same day, only
one sample was used for antibody rapid testing. The serum sam-
ples collected from the study patients were stored at —20 °C before
use. Frozen samples were stored until further analysis with only a
single freeze-thaw cycle.

In addition, 58 control serum samples collected from 58 hos-
pitalized patients (median duration from symptom onset, 13 days;
range, 1-59 days) with respiratory tract infection or fever but two
negative results of SARS-CoV-2 rRT-PCR test were evaluated to val-
idate the performance of the assay. None of these cases were con-
firmed to be positive for COVID-19 by rRT-PCR during or after hos-
pitalization.

Patient data including sex, age, date of symptom onset, date of
hospitalization, requirement of intensive care unit admission (ICU),
and date of ICU admission were retrieved from electronic medical
records. We also recorded the results of SARS-CoV-2 rRT-PCR test
performed using respiratory tract specimens collected on the same
day as blood samples. All the 16 confirmed COVID-19 patients had
at least 2 chest roentgenographic survey during hospitalization. All
of the chest roentgenograms were reviewed. Presence of pneumo-
nia in chest roentgenogram of all confirmed patients with COVID-
19 was judged by two investigators independently (Wu JL and
Tseng WP). If there was discrepancy in the interpretation of ini-
tial chest roentgenogram, a third investigator’s (Chen SY) opinion
was sought to reach final consensus. For the 58 COVID-19-negative
cases, OPD follow-up records and laboratory study results for in-
fection etiology were further collected.

Point-of-care lateral flow immunoassays for detection of
anti-SARS-CoV-2 antibodies

Four qualitative rapid tests for anti-SARS-CoV-2 antibody were
evaluated in this study: (1) ALLTEST 2019-nCoV IgG/IgM Rapid
Test (Hangzhou ALLTEST Biotech Co., Ltd., China), (2) Dynamiker
2019-nCoV IgG/IgM Rapid Test (Dynamiker Biotechnology (Tianjin)
Co., Ltd., China), (3) ASK COVID-19 IgG/IgM Rapid Test (TONYAR
Biotech Inc., Taiwan), and (4) Wondfo SARS-CoV-2 Antibody Test
(Guangzhou Wondfo Biotech Co., Ltd., China). Product information
of the four rapid tests used for detection of anti-SARS-CoV-2 an-
tibodies is summarized in Table 1.8:1620 AJ] the four rapid tests
based on LFIA detect either anti-SARS-CoV-2 IgG and IgM antibod-
ies separately (ALLTEST 2019-nCoV IgG/IgM Rapid Test, Dynamiker



Table 1

Product description of the four antibody rapid tests for diagnosis of coronavirus disease 2019 (COVID-19).

ALLTEST 2019-nCoV IgG/IgM Rapid Test

Dynamiker 2019-nCoV IgG/IgM Rapid Test

ASK COVID-19 IgG/IgM Rapid
Test

Wondfo SARS-CoV-2 Antibody
Test

Targeting antibody
Methodology
Qualitative analysis
Protein labeled
Specimen type(s)

Specimen amount required

Turnaround time

Reported performance based
on rRT-PCR results
Sensitivity (95% CI)
Specificity (95% CI)
Accuracy (95% CI)

Confirmed no cross reactivity
with antibodies to
non-coronaviruses

Cross reactivity with antibody
to other coronaviruses

SARS and MERS

Other seasonal coronaviruses
Registration

Manufacturer

Reference(s)

IgG and IgM

LFIA

Yes

Nucleocapsid

Whole blood (from venipuncture or
fingerstick), serum or plasma

Whole blood: 20 pL

Serum or plasma: 10 puL

10 min

Positive sera (n=22);

Control sera (n=100)

IgG: >99.9% (82.5-100%)/IgM: 90.9%
(71.0-98.7%)

IgG: 98.0% (92.6-99.9%)/IgM: 96.0%
(91.8-99.4%)

I1gG: 98.4% (93.4-99.9%)/IgM: 95.9%
(90.5-98.5%)

Influenza A and B viruses?, adenovirus, RSV,

HBV, HCV, HIV, Treponema pallidum,
Helicobacter pylori

NA
NA

CE-IVD
Hangzhou ALLTEST Biotech Co., Ltd. (China)

[16, 17]

IgG and IgM

LFIA

Yes

Nucleocapsid

Whole blood (from venipuncture or
fingerstick), serum or plasma

10 puL

5-10 min

Positive sera (n=162);

Control sera (n=300)

IgG: 89.2% (80.1-94.4%)/IgM: 87.8%
(78.5-93.5%)

IgG: 96.3% (90.8-98.5%)/IgM: 95.3%
(89.5-98.0%)

IgG: 93.4% (88.8-96.2%)/IgM: 92.3%
(87.4-95.3%)

Influenza A viruses (new type A HINT,
seasonal HIN1, H3N2, H5N1, H7N9), influenza
B virus (Yamagata, Victoria), rhinovirus
(groups A, B, C), CMV, norovirus, mumps
virus, VZV, measles virus, enterovirus (groups
A, B, C, D), RSV, EBV, adenovirus (types 1, 2,
3, 4, 5, 7, 55), rotavirus, measles virus,
Mycoplasma pneumoniae

NA
No

CE-IVD

Dynamiker Biotechnology (Tianjin) Co., Ltd.
(China)

[18]

IgG and IgM

LFIA

Yes

Spike

Whole blood (from
venipuncture or fingerstick),
serum or plasma

10 pL

10 min
NA

NA

NA
NA

No
TONYAR Biotech Inc. (Taiwan)

(19]

Total

LFIA

Yes

NA

Whole blood, serum, or
plasma

10 pL

15 min

Positive sera (n=361);
Control sera (n=235)
86.4% (82.4-89.6%)
99.6% (97.6-99.9%)
91.2% (89.1-93.6%)

Influenza A and B viruses,
adenovirus, RSV, EBV, CMV,
VZV, measles virus, mumps
virus, enterovirus type 71,
HBV, HCV, HIV, C. pneumoniae,
M. pneumoniae, T. pallidum

NA
NA

CFDA, CE-IVD

Guangzhou Wondfo Biotech
Co., Ltd, (China)

[20]

2 Cross reactivity was reported in sera samples with antibodies against influenza A, B viruses, adenovirus, and dengue virus [8].LFIA, lateral flow immunoassay; rRT-PCR, real-time reverse transcriptase polymerase chain
reaction; RSV, respiratory syncytial virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; CMV, cytomegalovirus; VZV, varicella-zoster virus; EBV, Epstein-Barr virus; SARS. severe acute

respiratory syndrome; MERS, Middle East respiratory syndrome; CE-IVD, Conformité Européenne in vitro diagnostic device; NA, not available; CFDA, China Food and Drug Administration of the United States.
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2019-nCoV IgG/IgM Rapid Test, and ASK COVID-19 IgG/IgM Rapid
Test) or total antibody (mainly IgM and IgG, Wondfo SARS-CoV-2
Antibody Test) within 5-15 min. Whole blood, serum, or plasma
samples can be used as testing specimens. The tests require only
10-20 pL of sample volume. Weakly positive results (any shade of
color in the test lines) of the POC antibody rapid tests were con-
sidered as positive according to the manufacturers’ instructions.

Detection of anti-nucleocapsid antibody using western blot method

To validate the accuracy of the four POC rapid tests in detect-
ing anti-SARS-CoV-2 antibodies, serial plasma samples from one
COVID-19-positive patient with prolonged airway viral shedding
were simultaneously tested for anti-nucleocapsid antibody using
western blot (WB) method as previously described.!?-?!

Definitions

Seroconversion was defined as the earliest date on which a pos-
itive anti-SARS-CoV-2 antibody response was detected in a serum
sample using a specific POC rapid test. Time to seroconversion de-
tection was defined as the duration from the date of symptom on-
set to the date of seroconversion. Diagnostic sensitivity of a POC
rapid test was defined as the percentage of serum samples from
confirmed patients with COVID-19 found to be positive for anti-
bodies against SARS-CoV-2. Diagnostic specificity of a POC rapid
test was defined as the percentage of serum samples from control
patients found to be negative for antibodies against SARS-CoV-2.

Statistical analysis

We calculated means and standard deviations (SDs) for age
variables and percentages for categorical variables. The cumulative
probabilities of detection of seroconversion for a specific rapid test
were obtained using Kaplan-Meier method. The difference in the
cumulative probability of detection of seroconversion between the
four antibody rapid tests was evaluated using the log rank test.
Further, the difference in cumulative probability of detection of se-
roconversion between patients with COVID-19 with and without
pneumonia was investigated using the log rank test. Data were an-
alyzed using SPSS for Windows (IBM SPSS Statistics v26). All p val-
ues are two-sided, and p<0.05 was considered statistically signifi-
cant.

Results
Demographics and clinical characteristics of patients with COVID-19

All the 16 confirmed patients with COVID-19 had at least
two (range 2-14, median 5) positive rRT-PCR results performed
using either throat or lower respiratory specimens. The mean
age was 45.6 years (standard deviation SD, 15.5 years) and was
higher for male patients than for female patients (mean =+ SD,
54.0+114vs. 34.9+13.8, p=0.009). Nine (56.3%) of the 16 pa-
tients with COVID-19 were men. One patient had human im-
munodeficiency virus (HIV) infection and one patient had colon
cancer. All these patients developed clinical symptoms, including
lower respiratory tract symptoms (12 patients, 75.0%), upper air-
way symptoms (10 patients, 62.5%) body temperature >38°C (8
patients, 50.0%), headache or myalgia (5 patients, 31.3%), and gas-
trointestinal symptoms (3 patients, 18.8%). Ten (62.5%) patients had
increased pulmonary infiltrate or hazy patch (pneumonia) on their
chest radiograph. Three patients required intensive care and one of
them received extracorporeal membrane oxygenation support.

Correlation of antibody response detected by western blotting and
four rapid tests

Serial plasma samples from one patient with COVID-19 were
simultaneously tested for anti-nucleocapsid antibody using WB
method on days 1-5, 7, 9-11, 14-18, and 21 after symptom onset.?!
The anti-nucleocapsid antibody was persistently detected from day
10 onwards by WB method. The serum samples obtained after 8,
14, 30, 33, 35 days of symptom onset from the same patient were
evaluated using the four POC rapid tests. The antibody response
was found to be negative in sample obtained on day 8 but posi-
tive in samples obtained on day 14 and beyond using all the four
rapid tests, which was consistent with the results obtained by WB
method.?!

Anti-SARS-CoV-2 antibody response among COVID-19 patients

A total of 99 serum samples were obtained from 16 patients
with COVID-19 (number of samples obtained from individual pa-
tient ranged from 2 to 14 samples; median, 5 samples) at different
points during the disease course (duration from symptom onset to
sampling date ranged from 1 to 63 days; median, 16 days). The
samples were used for the evaluation of four POC rapid tests for
detection of anti- SARS-CoV-2 antibodies.

Of the 99 serum samples, IgM antibody was detected in 19
(19.2%), 65 (65.7%), and 48 (48.5%) samples using ALLTEST 2019-
nCoV IgG/IgM Rapid Test, Dynamiker 2019-nCoV IgG/IgM Rapid
Test, and ASK COVID-19 IgG/IgM Rapid Test, respectively. IgG an-
tibody was detected in 74 (74.7%), 68 (68.7%), and 58 (58.6%)
samples using ALLTEST 2019-nCoV IgG/IgM Rapid Test, Dynamiker
2019-nCoV IgG/IgM Rapid Test, and ASK COVID-19 IgG/IgM Rapid
Test, respectively. Presence of either IgG or IgM was detected in 75
(75.8%), 69 (69.7%), 72 (72.7%), and 75 (75.8% for total antibodies)
samples using ALLTEST 2019-nCoV IgG/IgM Rapid Test, Dynamiker
2019-nCoV IgG/IgM Rapid Test, ASK COVID-19 IgG/IgM Rapid Test,
and Wondfo SARS-CoV-2 Antibody Test, respectively.

The antibody responses at different time points during the dis-
ease course after symptom onset were further evaluated using the
found rapid tests (Fig. 1). Anti-SARS-CoV-2 antibody was detected
in 100% serum samples collected after 3 weeks of symptom on-
set (n=30) using all the four rapid tests (Fig. 1(A)-(D)). The Dy-
namiker 2019-nCoV IgG/IgM Rapid Test detected higher percent-
age and longer duration of IgM in serum samples than ALLTEST
2019-nCoV IgG/IgM Rapid Test and ASK COVID-19 IgG/IgM Rapid
Test. All the three tests showed decreased percentage of IgM an-
tibodies detection after 4th to 6th weeks of symptom onset (Fig.
1(A)-(C)). Overall, the diagnostic sensitivity of the four POC an-
tibody rapid tests for early detection of COVID-19 infection, i.e.
within 14 days of symptom onset, was 50.0% (95% Confidence In-
terval (CI), 34.9-65.1%), 41.3% (95% Cl, 27.0-56.8%), 47.8% (95% ClI,
32.9-63.1%), and 52.2% (95% Cl, 37.0-67.1%) for ALLTEST 2019-nCoV
IgG/IgM Rapid Test, Dynamiker 2019-nCoV IgG/IgM Rapid Test, ASK
COVID-19 IgG/IgM Rapid Test, and Wondfo SARS-CoV-2 Antibody
Test, respectively. The diagnostic sensitivity of the four POC an-
tibody rapid tests for detection of COVID-19 infection increased
to 95.7% (95% CI, 78.1-99.9%) (ALLTEST 2019-nCoV IgG/IgM Rapid
Test), 87.0% (95% Cl, 66.4-97.2%) (Dynamiker 2019-nCoV IgG/IgM
Rapid Test & ASK COVID-19 IgG/IgM Rapid Test), and 91.3% (95%
Cl, 72.0-98.9%) (Wondfo SARS-CoV-2 Antibody Test) between 15
and 21 days after symptom onset, and reached to 100% (95% CI,
88.4-100%) after 3 weeks of symptom onset for all the four POC
antibody rapid tests (Table 2).

Analysis of the ability of the four POC antibody rapid tests
in the early diagnosis of COVID-19 infection was evaluated with
Kaplan-Meier cumulative probability of seroconversion detection
(Fig. 2). There was no statistical difference in the results after 7
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Fig. 1. Percentage of samples with positive antibody response determined using the four studied point-of-care antibody rapid tests after symptom onset. A. ALLTEST ASK

COVID-19 IgG/IgM Rapid Test. D. Wondfo SARS-CoV-2 Antibody Test.
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Fig. 2. Parallel comparisons of cumulative probability of detection of seroconversion detection between the four studied point-of-care antibody rapid tests.

days (p=0.894), 10 days (p=0.976), 14 days (p=0.632), and 35
days (p=0.475) of symptom onset based on log rank test.

Ten of the 16 patients with COVID-19 developed clinical and ra-
diographic evidence of pneumonia. Comparison of time required
for detection of seroconversion between patients with COVID-19
with and without pneumonia is shown in Fig. 3. Patients with
COVID-19 with pneumonia demonstrated shorter seroconversion
time than those without pneumonia when dynamic antibody re-
sponse was evaluated with ALLTEST 2019-nCoV IgG/IgM Rapid Test
(log rank test p=0.005) and Dynamiker 2019-nCoV IgG/IgM Rapid
Test (log rank test p=0.016). Of the 10 patients with COVID-19 and

pneumonia, three patients had increased oxygen demand after se-
roconversion and two of them progressed to respiratory failure re-
quiring intensive care.

Correlation between rRT-PCR RNA results for SARS-CoV-2 and
anti-SARS-CoV-2 antibody response among patients with COVID-19

The results of rRT-PCR performed for detection of SARS-CoV-2
in respiratory tract specimens were positive in 93 (93.9%) of the 99
blood samples collecting date. The respiratory tract specimens ob-
tained from 16 patients with COVID-19 remained SARS-CoV-2 rRT-
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Table 2

Diagnostic sensitivity and specificity of the four point-of-care antibody rapid tests after symptom onset.

> Day 21

Day 15-21

Day 1-14

10)

Control specimens (n

—30)

COVID-19 specimens (n

11)

Control specimens (n

—23)

COVID-19 specimens (n

37)

Control specimens (n

—46)

COVID-19 specimens (n

ALLTEST 2019-nCoV Rapid Test

Positive?

23
23

Negative®

100.0 (88.4-100)
100.0 (69.2-100)

95.7 (78.1-99.9)

50.0 (34.9-65.1)

Sensitivity,% (95% CI)

Specificity,% (95% CI)
Dynamiker 2019-nCoV Rapid Test

Positive?

100.0 (71.5-100)

100.0 (90.5-100)

19
27

Negative®

100.0 (88.4-100)
100.0 (69.2-100)

87.0 (66.4-97.2)

41.3 (27.0-56.8)

Sensitivity,% (95% CI)
Specificity,% (95% CI)

100.0 (71.5-100)

100.0 (90.5-100)

ASK COVID-19 IgG/IgM Rapid Test

Positive?
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22
24

Negative®

100.0 (88.4-100)
100.0 (69.2-100)

87.0 (66.4-97.2)

47.8 (32.9-63.1)

Sensitivity,% (95% CI)

Specificity,% (95% CI)
Wondfo SARS-CoV-2 Antibody Test

Positive?

100.0 (71.5-100)

100.0 (90.5-100)

24
22

Negative®

100.0 (88.4-100)
100.0 (69.2-100)

91.3 (72.0-98.9)

522 (37.0-67.1)

Sensitivity,% (95% CI)
Specificity,% (95% CI)

100.0 (71.5-100)

100.0 (90.5-100)

CI, confidence interval; COVID-19, coronavirus disease 2019.

2 Indicates the presence of either IgM or IgG antibody or both.

b Indicates the absence of IgM and IgG antibodies.

PCR positive irrespective of the positive anti-SARS-CoV-2 antibody
response detected in blood samples. For the 11 patients who had 3
sequential negative rRT-PCR results and were discharged from hos-
pital isolation, the average duration of persistent positive rRT-PCR
results after seroconversion was 16.8 +12.9 days (range, 7-53 days;
median, 14 days).

Anti-SARS-CoV-2 antibody response among non-COVID-19 patients

Serum samples from 58 hospitalized patients with two neg-
ative results of SARS-CoV-2 rRT-PCR tests were used as con-
trol group. Among the 58 control group patients, 10 (17.2%) had
comorbid condition or received therapy that potentially predis-
posed them to an impaired immunity. This included malignancy
(n=7), HIV infection (n=2), and post renal transplantation re-
ceiving immunosuppressant agents (n=1). All these patients had
epidemiological risk for contracting SARS-CoV-2 infection, includ-
ing recent travel history to country with community outbreak of
COVID-19 or contact with symptomatic people who had traveled
back from a country with community outbreak of COVID-19. The
58 serum samples from the control group patients were tested
for SARS-CoV-2 antibody response using the four antibody rapid
tests in this study. All yielded negative results. Among the 58
control group patients, causative pathogens were documented in
only 18 patients (31%). The pathogens include Mycoplasma pneu-
moniae (n=6, 33.3%), Pneumocystis jirovecii (n=3, 16.6%), Kleb-
siella pneumoniae (n=2, 11.1%), Streptococcus pneumoniae (n=1,
5.5%), Chlamydophila pneumoniae (IgG positive) (n=1, 5.5%), Le-
gionella pneumophila (n=1, 5.5%), cytomegalovirus (IgM and IgG
positive) (n=1, 5.5%), and Epstein-Barr virus (VCA-IgM positive)
(n=1, 5.5%). The sputum sample of one patient with pneumonia
was found to be positive for both methicillin-susceptible Staphy-
lococcus aureus and Pseudomonas aeruginosa. One febrile patient
was diagnosed with urinary tract infection caused by Enterococcus
species.

Discussion

This study assessed the diagnostic performance of different
POC anti-SARS-CoV-2 antibody rapid tests in different chronologi-
cal stages and severity of COVID-19 infection. There are three major
findings of this study. First, usefulness of POC antibody rapid tests
in the diagnosis of COVID-19 infection highly depends on the tim-
ing of the disease course; in this study, the tests reached 100% sen-
sitivity after 3 weeks of symptom onset. Second, no difference in
the diagnosis of COVID-19 could be observed among POC antibody
rapid tests obtained different manufacturers. Compared to detec-
tion of all antibodies, detection of IgM and IgG separately using
rapid tests did not improve the performance of the tests in terms
of early diagnosis of COVID-19 infection. Third, patients with pneu-
monia showed an earlier immune response to SARS-CoV-2 than
patients without pneumonia and did not implicate the eradica-
tion of virus from the respiratory tract of a patient with COVID-
19 based on the presence of RNA detected by rRT-PCR. These find-
ings are important for appropriate application and interpretation of
results of POC SARS-CoV-2 antibody rapid tests by first-line physi-
cians for screening, diagnosis, and treatment of patients during the
COVID-19 pandemic.

To date, only two studies have investigated the usefulness of
POC antibody rapid tests in the diagnosis of COVID-19. The stud-
ies reported variable results for diagnostic sensitivity (83- 97.5%)
and specificity (87—100%).8-%2 In this study, the overall diagnostic
sensitivity ranged from 69.7% to 75.8% and specificity was consis-
tently 100% for the four POC antibody rapid tests. The performance
was lower than observed in previous two studies. However, the
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Fig. 3. Detection of seroconversion in patients with COVID-19 with or without pneumonia using the four point-of-care antibody rapid tests. A. ALLTEST 2019-nCoV IgG/IgM
Rapid Test. B. Dynamiker 2019-nCoV IgG/IgM Rapid Test. C. ASK COVID-19 IgG/IgM Rapid Test. D. Wondfo SARS-CoV-2 Antibody Test.

time point of serum sample collection is crucial for the evalua-
tion of the diagnostic performance of these POC rapid tests target-
ing host immune responsive antibodies. Studies have shown an in-
crease in serum antibody levels against nucleocapsid protein (NP)
or surface spike protein receptor binding domain (RBD) in samples
from patients with COVID-19 obtained after 10-17 days of symp-
tom onset and analyzed using enzyme linked immunosorbent as-
say (ELISA) or magnetic chemiluminescence enzyme immunoassay
(MCLIA).22-26 In the current study, the diagnostic sensitivity was
high and increased to more than 87% between 15 and 21 days af-
ter symptom onset and reached to 100% after 3 weeks of symp-
tom onset for all four POC antibody rapid tests. Our study has pro-
vided further supportive evidence with a detail chronological anal-
ysis and has validated this observation to POC antibody rapid tests
based on LFIA. Combining the results of our and previous studies,
diagnosis of COVID-19 infection with serological responsive anti-
bodies is most valuable after 2 weeks of symptom onset. Further-
more, a POC rapid test detecting IgM separately from IgG antibod-
ies against SARS-CoV-2 did not add an early and overall diagnostic
value compared a POC rapid test detecting total or mixed IgG and
IgM antibodies. A similar result was also observed in studies by To
et al. and Long et al., which showed an earlier onset and higher
overall seroconversion rate of anti-NP IgG than anti-NP IgM anti-
body among patients with COVID-19.23-26

It was observed that anti-SARS-CoV-2-NP or anti-SARS-CoV-2-
RBD IgG levels correlated with virus neutralization titer. The vi-
ral load also seemed to be related inversely to serum antibody re-
sponse.?3->4 Therefore, presence of virus-specific antibodies is ex-
pected to be associated with rapid virus eradication and clinical
improvement. However, prolonged viral shedding with a median
duration of up to 14 days after seroconversion was observed in
the current study. We also found that the 10 patients with COVID-
19 and pneumonia exhibit earlier seroconversion than the six pa-

tients with COVID-19 who did not develop pneumonia. Among the
10 patients with COVID-19 and pneumonia, three patients had ev-
idence of clinical deterioration despite of the presence of anti-
SARS-CoV-2 antibodies. In earlier studies by Zhao et al. and Long
et al, it was found that a higher titer of Ab was independently
associated with clinical severity of COVID-19 infection.2>26 Previ-
ous studies on SARS, which emerged in 2003, have also showed
anti-spike IgG antibody stimulated pulmonary pro-inflammatory
response and injury in one animal model,?” and a correlation be-
tween a high level upsurge of IgG antibodies in response to SARS-
CoV with progression to acute respiratory distress syndrome in
another clinical study.?® As both SARS and COVID-19 are caused
by novel coronaviruses, which have similar genetic components
and clinical manifestations, it is plausible that both diseases pos-
sess the same pathogenic effect. Based on these observations, we
propose that the presence of anti-SARS-CoV-2 antibodies does not
necessarily indicate the rapid eradication of SARS-CoV-2. Further-
more, early anti-SARS-CoV-2 antibody response might be a surro-
gate serological indicator for patients with COVID-19 with risk of
subsequent pulmonary injury. Therefore, the implications of a pos-
itive test for a patient in terms of being a correlate of protective
immunity remain not clearly established at this time.

This study has several limitations. First, this was a single-
center study. Thus, generalization of our findings requires further
confirmation. Second, inadequate case number might have failed
to demonstrate the statistical difference in the diagnostic perfor-
mance between different POC antibody rapid tests. Third, nine
serum samples collected before March 1 (seven from the first
and two from the second enrolled patient with COVID-19) were
stored at —20 °C for more than 9 days before testing them for an-
tibody response.?’ Two of the nine samples were negative for an-
tibody response in all four POC rapid tests. The two samples had
been obtained after days 2 and 7 of symptom onset. We could



442 J.-L. Wu, W.-P. Tseng and C.-H. Lin et al./Journal of Infection 81 (2020) 435-442

not exclude the possibility of false negative results for these two
serum samples due to prolonged storage. Fourth, laboratory tests
for other concomitant respiratory tract viral pathogens, especially
other coronaviruses, were inadequate in this retrospective study.
Therefore, we could not exclude the possibility of co-infection in
our patients with COVID-19. Cross reactivity with non-SARS-CoV-2
coronaviruses by the four POC rapid antibody tests was not well
investigated (Table 1). Fifth, pneumonia diagnosis of the COVID-19
patients was primarily based on chest roentgenogram in this study.
Because plain chest roentgenogram is less sensitive than computed
tomography scan in detecting parenchymal change of viral pneu-
monia, we could not exclude the possibility of misclassification of
a COVID-19 pneumonia patient with subclinical pulmonary infiltra-
tion to non-pneumonia patient. Finally, as a non-protocolized ret-
rospective study, serum samples tested in different post-symptom
stages were not consistent; therefore, this study is subject to infor-
mation bias in both clinical and laboratory data. Because of above
limitations, findings in the current study need to be further con-
firmed in a prospectively recruited, adequately powered diagnostic
accuracy study.

In conclusion, serological testing may be a useful diagnostic tool
in addition to rRT-PCR for the diagnosis of patients with COVID-
19. In this study, the detection sensitivity of POC rapid tests cor-
responded with the antibody dynamics and reached 100% after
3 weeks of symptom onset. COVID-19 patients complicated with
pneumonia exhibited earlier seroconversion than those without
pneumonia. However, the presence of anti-SARS-CoV-2 antibodies
neither indicated the rapid eradication of the virus nor provided
immune protection from disease deterioration. Our study findings
provide supportive evidence for the appropriate application and in-
terpretation of POC antibody tests in the diagnosis and manage-
ment of patients with COVID-19.
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